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Due to their solitary life style, it appears that Arete indicus have a ‘search and attend’ mating system. There was a 
correlation between the body size (carapace length) of males and females found in pairs. There was a tight correlation 
between the numbers of total spine of their host and the number of individuals inhabiting the urchin. There was a weak and 
non-significant relationship between the number of males and females present and the volume of their host. 
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Introduction 
Symbiosis is the phenomenon of different 
organisms living together1,2, the term “symbiont” 
referring to the smaller organism associated with a 
larger host2. The costs and benefits determine the 
nature of the relationship (e.g. mutualism, 
parasitism)3. In marine environment, many symbiotic 
relationships involve small organisms using their 
hosts as biotic refuges (e.g. see anemones, ascidians, 
corals, sponges, sea urchins and oysters)4. 
Many marine crustaceans have symbiotic 
associations with sea urchins5,2. Periclimenes 
maldivensis6 (Superorder: Caridea) was the first 
species reported as an echinoid associate. 
Subsequently, Periclimeneshertwigi (a deep water 
species) was recorded living between the spines of 
anechinothuroid urchin6. Recently, several species of 
decapods (Superorder: Caridea) have been recorded in 
association with diadematid urchins6,7. 
 In recent theoretical and empirical studies, it has 
been suggested that some host characteristics (e.g., 
host structural complexity, abundance, body size4,8, 
predation risks away from host individuals4, 
competition among symbiotic guest species for the 
same host species9 and nutritional value offered by 
host to symbiotic guests10 determine the mating 
systems and social structure of symbiotic crustaceans. 
For instance, social monogamy as a representative of 
mating systems in many symbiotic species has been 
reported4. Monogamy is predicted to be the most 
common mating system of symbionts when hosts are 
small enough to house few individuals, when hosts 
offer the symbiont protection, when hosts are rare, 
and when movement between hosts is difficult 11. 
Under these conditions, it is beneficial for the 
symbionts to share a host with a conspecific member 
of the opposite sex4,11. There have been few studies on 
crustacean behaviour in Iran12-15. Present research is to 
survey the mating system of the shrimp Arete indicus, 
which is commonly found among the spines of the sea 
urchin Ehinometra mathaei16. Arete indicus is widely 
distributed in the Pacific Ocean, Red Sea and Western 
Indian Ocean from Somalia to Mozambique, 
including the Seychelles and Madagascar17. If Arete 
indicus is socially monogamous, heterosexual pairs 
should be found more frequently than expected by 
chance alone. 
 
Materials and Methods 
The study areas were located in Bandar-e Lengeh 
(26˚32ʹ28” N, 54˚ 52ʹ 28” E; water depth: 0.5–1 m) 
and Bandar-e Dayyer (27˚ 50ʹ 3.57” N, 51˚ 53ʹ 49.39” 
E; water depth: 0.5–1 m), Iran, two small inlets along 
rocky shores with a highly diverse fauna of macro-
invertebrates in the northern part of the Persian Gulf. 
Ninety six (height of test = [2.60 to 40.35 mm]) 
individuals of the sea urchins Ehinometra mathaei 
were collected individually (70 and 26 specimens of 
Bandar-e Lengeh and Bandar-e Dayyer, respectively) 
using stainless steel forceps along a 100 m transect 
located in the intertidal zone during low spring tides. 
Haphazardly collected urchins were individually 
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placed in plastic cans and transported to a marine 
biology laboratory in Hormozgan University. In the 
laboratory, the specimens were fixed in 95% ethanol. 
Test diameters and heights of each sea urchin were 
also measured using digital calipers to the nearest 
±0.1 mm. The numbers of shrimps per host were 
counted. Carapace Length (CL), Total Length (TL), 
Merus and Carpus Lengths of the largest of the first 
pair of chelipeds, and the second abdominal segment 
(the maximum lateral length of the right pleura) of all 
shrimp were measured under stereomicroscope to the 
nearest ±0.01 mm. Sex determinations were based on 
presence of appendices masculina on the base of the 
endopod of the second pleopod18. The shrimps and 
sea urchins were also weighted. 
To test the presence/absence of social monogamy 
in Arete indicus, the shrimps’ population 
distributions, were calculated for male-female 
association patterns, host-shrimp body size 
relationships, urchin spine density and the space of 
sea urchin-body size. The observed distributions (i.e. 
frequency of occurrence of hosts with zero, one, two 
or more shrimps) were also compared with poisson 
random distribution19.  
 
Results  
A total of 34 out of the 94 examined Arete indicus 
were males (Figure 1) as defined by the presence of 
the appendice masculine (including four with tiny 
appendice masculina), and 47 were females (Figure 1) 
based on the absence of appendices masculina. 
Thirteen individuals had no sex determination due to 
their small body size (CL<2.1mm), when the 
appendice masculine is not visible.  
The Carapace Lengths of females and males varied 
between 2.25 and 4.94 mm (Mean±SD 3.82±0.73) 
and 2.25 and 5.2 mm (Mean±SD 3.83±0.65), 
respectively. Carapace Length of Arete indicus 
females was not larger than the males (Mann-Whitney 
U Test; Z = 0.23924, P = 0.40517). 
Seventy specimens of the sea urchin Echinometra 
mathaei were collected from Bandar-e Lengeh. The 
average (±SD) height of the sampled sea urchins 
varied between 16.26 mm and 37.58 mm (±5.13). The 
average (±SD) diameter of the sampled sea urchins 
varied between 35.44 mm and 60.98 mm (±6.79). The 
average (±SD) spine length of the sampled sea 
urchins varied between 14.30 mm and 22.57 mm 
(±1.64). The average (±SD) number of spines of the 
sampled sea urchins varied between 252 and 848 
(±117.4). The average (±SD) weight of the sampled 
sea urchins varied between 24.06 g and 105.54 g 
(±22.36) (Table 1). 
Twenty-six specimens of Echinometra mathaei 
were collected from Bandar-e Dayyer. The average 
(±SD) height of the sampled sea urchins ranged 
between 19.76 mm and 34.24 mm (±4.39). The 
average (±SD) diameter of the sampled sea urchins 
varied between 36.24 mm and 60.56 mm (±7.74). 
Average (±SD) spine length of the sampled sea 
urchins varied between 16.15 mm and 19.72 mm 
(±1.01). The average (±SD) number spines of the 
sampled sea urchins varied between 268 and 776 
(±153.79). Average (±SD) weight of the sampled sea 
urchins varied between 29.53 g and 115.24 g 
(±26.01). 
Table 1 — Characteristics of the association between the shrimp Arete indicus and its sea urchin host Echinometra mathaei 
Parameters NH P NS Shrimp Density Shrimp CL(mm) 
Mean SD Range   Avg SD Range 
Stu
die
d s
ite Bandar-e  Dayyer 
26 61 52 3.46 2.38 0-10 3.10 0.96 1.30-4.76 
Bandar-e  
Lengeh 
70 42 42 1.40 0.49 0-2 3.97 0.87 0.50-0.52 
  
Fig. 1 — The distribution of Carapace Lengths of Arete indicus in 
males, females and indeterminate sex 
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The frequency of Arete indicus occurrence in 
Echinometra mathaei were 61 % and 42 % in Bandar-
e Dayyer and Bandar-e Lengeh, respectively  
(Table 1). Number of shrimps per host varied between 
0 and 10 individuals with a mean of 0.98±1.57 
(Figure 2, 3). 
Nineteen sea urchins harbored a single shrimp  
(11 females and 8 males). Eighteen sea urchins 
harbored two shrimps (12 mature male-mature female 
pairs, one mature female-one juvenile, 2 mature male-
one juvenile, and 3 mature male-mature male). 
Twelve juveniles of Arete indicus (CL≤ 2 mm) were 
found in the sea urchins. Larvae were also observed.  
There was correlation between the body size (CL) 
of males and females found as pairs (T-test;t = 1.98, 
df = 22, P = 0.03).  
In five of the12 heterosexual pairs, the females 
were larger than the males;in six of the 12 
heterosexual pairs, the males were larger than the 
females, and in one of the 12 heterosexual pairs, the 
male and female were equal in body size. On an 
average, males were 3.55% larger than their female 
companions. There was no significant relationship 
between the size of the major cheliped of males and 
females as pairs (T-test;t = 0.515, df = 22,  
P = 0.305).No brooding embryos were found with 
females in heterosexual pairs. 
Solitary and paired males were 4.00±0.51 mm CL 
(range: 3.32–4.60 mm CL) and 4.04±0.72 mm CL 
(range: 2.5–5.2 mm CL), respectively. Solitary and 
paired females were 4.25±0.54mm CL (range:  
3.2–4.94 mm CL) and 3.76 ± Solitary life style 
suggested having ‘search and attend’ in mating 
system for Arete indicus 0.59 mm CL (range: 2.5–4.5 
mm CL), respectively. T-test did not indicate a 
significant effect of group size (solitary or paired) in 
shrimp body size (t = 0.392636, df = 39, P = 0.35). T-
test also did not detect an effect of sex on shrimp 
body size (t = 0.016757, df = 79, P = 0.49). 
There was a statistically significant correlation 
between host volume and shrimp size for males but no 
statistically significant correlation for females (T-test; 
t = 2.149, df = 38, P = 0.02, and t = 1.157, df = 42, P 
= 0.13, for males and females, respectively). There 
was a statistically significant correlation between 
number of host spines and shrimp size for males and 
females (T-test; t = 3.238, df = 38, P = 0.001, and 
t=3.037, df = 42, P = 0.002, for males and females, 
respectively). 
 
Discussion  
We hypothesized that if Arete indicus was social 
monogamous, then we would find that (1) males pair 
with females regardless of their reproductive state, (2) 
male-female pairs display size-assortative pairing, (3) 
shrimp body size correlates with host sea urchin body 
size, and (4) shrimps display little to no sexual 
dimorphism in body size20.Four mating systems are 
described below (Table 2). 
 Two species of Athanas spp. from the family 
Alpheidae living symbiotically on sea urchins are 
characterized by their solitary life style reported to 
engage ‘search and attend’ in mating system. 
Heterosexual pair or juveniles only inhabited in a 
small proportion of sea urchins than one shrimp. 
Adult males change their sea urchins more frequently 
than females21, 27. Mortality as an additional cost could 
result due to movements between sea urchins. An 
agonistic displays observed between males similar to 
neighborhoods of dominance mating-system have also 
been observed in Athanas kominatoensis and Athanas 
  
Fig. 2 — Frequency of occurrence of Arete indicus shrimps in sea
urchin host individuals of different size classes at Bandar-e
Dayyer 
 
 
Fig. 3— Frequency of occurrence of Arete indicus shrimps in sea
urchin host individuals of different size classes at Bandar-e
Lengeh 
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indicus. It suggested a sex cheng is accomplished in 
social interactions16, 27, 28. The sexual size dimorphism 
in Athanas kominatoensis is evident as in other species 
with searchers or defenders behaviours, male tend to be 
larger than females. Males of Athanas indicus are 
smaller than females in average but larger males of 
them feature power chelae for aggressive interactions16, 
27. Our results are not in agreement with our theoretical 
considerations and are similar in pattern to reports of 
other socially monogamous species (e.g. Pontonia 
margarita11; Pontonia sp2). The observed pattern of 
lack of sexual dimorphism in Arete indicussimilar to 
Athanas kominatoensis reported to engage in system of 
in ‘search and attend’16, 27. Lack of sexual dimorphism 
in body size is most common in monogamous species 
(e.g. Pinnixa transversalis and Pontonia margarita), 
hence protandric hermaphroditism is unlikely to 
evolve. Nevertheless, simultaneous Hermaphroditism 
evolves at low population densities when the encounter 
probabilities between the individuals are low21, 29, but 
due to evolution of partial protandric hermaphroditism 
in Arete indicus30, no probabilities for monogamy in 
this species. 
 
Conclusion 
Based on the absence sexual dimorphism, solitary life 
style as well as partial protandric hermaphroditism 
suggested having ‘search and attend’ in mating system 
for Arete indicus. 
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